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1571 ABSTRACI 

Processes for reclaiming nirramines from propellants by 
dissolution of the crosslinked prope!lant binder by heat- 
ing the propeiiant with either (1) a mixture of 2-aminoe- 
thanol, an aromatic solvent, and optionally a second 
low molecular weight alcohol, or (2) a mixture of a 
mineral acid (HCI, H2SO4, and H3PO4 but not HNO$, 
a organic solvent which is acetone, methyl ethyl ketone. 
ethylene glycol monomethyl ether, tetrahydrofuran, or 
mixtures thereof, and water. 

8 Claims, Xo Drawings 
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BREAKDOWN OF SOLID PROPELLANTS AlVD 

A 
EXPLOSIVES, RECOVERY OF SITRAMINES 

BACKGROUND OF THE INVENTION 

This invention relates to a method of dissolution of 
pyrotechnic materials containing cured or crosslinked 
organic polymers as binders. 

Every year, large amounts of pvrotechnic materials 
must be disposed of due to deterioration or obsoles- 
cence. In the past, pyrotechnics have been disposed of 
by dumping them in the ocean, burning them in an open 
area. or detonating them in a safe zone. Viewed from an 
ecological standpoint these methods are undesirable 
because they contribute to contamination of the ocean 
and to pollution of the atmosphere by releasing corro- 
sive hydrogen chloride gas and noxious oxides of nitro- 
gen into the air. Because of concern over minimizing all 
sources of environmental pollution. the need exists for 
an ecologically sound alternative method for disposing 
of unwanted pyrotechnic materials. 

In addition to being inexpedient from an ecological 
standpoint, the previous methods of disposal are unsatis- 
factory from an economic point of view. The utter 
waste of valuable raw materials which are used in the 
preparation of pyrotechnic materials is readily apparent 
when methods such as those mentioned above are em- 
ployed for the disposal of these items. Accordingly, it 
would be desirable to develop a process whereby some 
or all of the components which make up the pyrotech- 
nic materials could be recovered and reused. 

Several methods have been proposed in the prior art 
for the decomposition of polymeric materials. One such 
method involves heating polyurethanes in the presence 

n of the polyol used to prepare the original polymer, as 
disclosed by Ten Broeck in U.S. Pat. No. 2,937,151. 
Other methods involve heating polyurethanes in the 
presence of a primary amine, as disclosed by McElroy 
in U.S. Pat. No. 3,117,940, or heating polyurethanes in 
the presence of an amine in combination with a strong 
base, as disclosed by Matsudaira et al in U.S. Pat. No. 
3404,103. More recently, Frulla et al have described a 
process for the decomposition of scrap polyurethane 
foam by heating in the presence of a mixture of an eli- 
phatic diol and a dialkanolamine. Some of the above 
described prior art methods do not provide for recov- 
ery of the chemical components of the decomposed 
polymeric material, while others utilize some combina- 
tion of hig,h temperature. high pressure or high alkali 
concentration, which conditions are not compatible 
with the recovery of pyrotechnic materials components 
due to their instability. 

Tompa et al in U.S. Pat. No. 4.098627 disclose meth- 
ods by which a pyrotechnic material containing a cured 
polymeric binder is decomposed under much milder 
conditions so that many of the starting materials can be 
recovered. The method involves hearing the pyrotech- 
nic material to a temperature of from about 50’ C. to 
about 160” in a !iquid medium comprising an active 
hydrogen containing compound capable of cleaving the 
chemical bonds contained in the poiymeric binder. One 
or more of the products resulting from the decomposi- 
tion of the pyrotechnic materiai can be separated and 
recovered. The active hydrogen containing compounds 
inciuded primary amines, secondary amines, ammonia, 

n 
mineral acids and \<‘a:er. Unfortunate!y, the alkaline 
processes (amines and ammonia) destroyed any nirra- 
mines present. The use of mineral acids and water re- 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

b5 

2 
sulted in some recovery of nitramine, but the yields 

.were very low (e.g., 36%). Because nitramines are ex- 
pensive it would be desirable to find a method of recov- 
ering them in high yield (i.e.. 80% or more). 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to pro- 
vide a method of recovering nitramines in high yield 
from pyrotechnic materials having polymeric binders. 

Another object of this invention is to provide a safe 
and ecologically sound method of disposing of pyro- 
technic materials. 

These and other objects of this invention are accom- 
plished by providing an improved method of dissolution 
of pyrotechnic materials having polymeric binders 
comprising either the use of: (1) a soiution of 2-aminoe- 
than01 in an aromatic solvent-alcohol mixture or (2) a 
solution of a mineral acid, water, and an organic solvent 
selected from the group consisting of acetone, methyl 
ethyl ketone, ethylene glycol monomethyl ether, tetra- 
hydrofuran, and mixtures thereof. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The processes of the present invention provide means 
by which nitramines may be salvaged from pyrotechnic 
materials having cross-linked binders. One of the pro- 
cesses uses 2-aminoethanol (ethanolamine) as an active 
hydrogen containing compound to breakdown or disso- 
lution the polymeric binder. The remaining processes 
use mineral acids for this purpose. 

A solution of 2-aminoethanol in an alcohol-aromatic 
solvent mixture is used. The concentration of 2-aminoe- 
than01 is from 0.5 N to 8.0 N, but preferably from 1.0 N 
to 3.0 N. Alcohols which are used include ethanol, 
I-propanol (n-propanol), t-propanol (isopropanol) and 
mixtures thereof. Of these 2-propanol is preferred. Any 
conventional aromatic solvent may be used. Examples 
include benzene, toluene, xylene, ethyl benzene, an 
diethylbenzene. Xylene and diethylbenzene include 
their ortho, meta and para isomers and mixture thereof. 
The volume percent of alcohol in the alcohol-aromatic . 
solvent mixture is from zero to 60, and preferrably from 
40 to 60, with the aromatic solvent constituting the 
remainder of the mixture. 

The pyrotechnic material is put into the 2-aminoe- 
thanol-alcohol-aromatic solvent solution which is held 
at a temperature in the range of from 15’ C. to 80 C., 
but preferably at from 40” C. to 80” C. This is continued 
until the pyrotechnic material has been broken down 
and the binder material disolved. 

A solution of a mineral acid in a water-organic sol- 
vent mixture may also be used. The mineral acid may be 
HCl, H~SOJ. or H3P04, but HCI is preferred when a 
metal is present in the propellant. The concentration of 
the acid should be from 2.0 N to 6.0 N. but preferably 
from 3.0 N to 5.0 N. Organic solvents which may be 
used are limited to acetone. methyl ethyl ketone, ethyl- 
ene glycol monomethyl ether, tetrahydrofuran, or mtx- 
tures thereof. Acetone is preferred if nitroglycerin or 
another material which is water immiscible but organic 
solvent soluble is present. The voiume percent of the 
organic solvent in the water-organic solvent mixture is 
from more than zero IO 60 and preferably irom 40 to 60. 
with water constituting th e remainde: of the mixt*ure. 
The lower volume percentages of organic solvent can 
be used where the crosslink density of the binder is low. 
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The pyrotechnic material is put into the acid-water- 
organic solvent solution which is held ar a temperature 

-in the rance of from 15’ C. to 80” C., but preferably at 
\. rom 40” C. to 80’ C. This is continued until the pyro- 
technic material has been broken down. 

If recovery of metals is desired. 2-aminoethanol is 
preferred over the mineral acids as the active agent 
when metals are present in the pyrotechnic material. 
Acids react with the metals, but 2-aminoethanol does 
not. 

n 

After the dissolution of the pyrotechnic material is 
completed in both the 2-aminoethanol and the mineral 
acid process, the nitramine is present as a solid. If a 
metal was also present in the pyrotechnic material and 
the 2-aminoethanol process was used, rhe metal will 
also be present as a solid. In this case the metal and 
nitramine are separated frotn the liquid phase by con- 
ventional techniques such as filtration. The nitramine is 
then extrated in acetone and then water is added to the 
acetone IO precipitate the nitramine. Otherwise, when 
the nitramine is the only solid present, it is simply til- 
tered out and washed. 

The general nature of the invention having been set 
forth the following examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these specific examples but is 
susceptible to various modifications that will be recog- 
nized by one of ordinary skill in the art. 

Table 1 shows the propellant stocks which were used 
in the tests of examples l-6. Table 2 presents the compo- 
sition of solvents used in examples l-6 to break down 
the stocks to recover the nitramines. 

TABLE 1 
PI&C- 

Stock ti- 
No. Binder Sysrcm Fillers cizer 

I Hydroxyl rerminaied polyester & HMX. Al NG 
polyiscxyanaIe 

II Hydroxyl terminated polyesrer. K/C. & HMX. Al NG 
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WC - nllroccllulmc 
HMX - c~clote~rameth~icnclclrlnclrlmlnc 
RDX - cyrlotnmcrhylcne~nn~lrnm~ne 
Al - Alummum 
NG - Nwoglycertnr 

TABLE 2 
Preferred Solutions for Breakdown 

C D E 
A B (I) (I) (1) zn 

&hanolamme (?-aminoethanol) 
Hydrochloric acid SOIL 37% (2) 
Toluene 
lsopropanol i3) 
ACelOne 

Methyi ethyl ketone 
Ethyiene $ycol monomerhyl 
e1her 
Tetrah>droFuran 
waler 
Cow act,ve Infredlcn!. 

7.23 
41.2 40.9 37 7 39.3 

48. I 
44.7 

41 4 
41.8 55 

46.3 

442 
174 I?.? lb.0 1.5 5 

1.0 4.0 4.0 40 40 

4 
der, and nitroglycerin were cut into small pieces and 
extracted three times with methylene chloride to re- 
move most of the nitroglycerin. The dry stock was 
placed in 2718 gms (3213 ml) of Solution A, Table 2. 
which is a 1.0 molar solution of ethanolamine (2-amino- 
ethanol) in an equivolume mixture of toluene and iso- 
propanol. The treatment was carried out in a five liter 
resin flask equipped with a three-neck cover for air-stir- 
rer, condenser, and nitrogen purge. The flask was im- 
mersed in a water bath. After stirring for six hours at 60” 
C. the lumps of stock had disappeared. During the reac- 
tion the temperature of the solution was the same as that 
of the water bath so the reaction was not strongly exo- 
thermic. 

The liquid in the flask was decanted into a container 
partially filled with water and discarded. The remaining 
slurry of finely divided HMX and aluminum was 
washed twice with methylene chloride and extracted 
with acetone at 40’ C. to dissolve out the HMX. The 
resulting solution of HMX was poured into an excess of 
water and filtered to remove the precipitated HMX. 
The HMX was washed with ethanol and dried. The 
vield based on the amount known to have been mixed 
into the original stock was 87%. The aluminum powder 
was washed with acetone and dried. The yield of recov- 
ered aluminum powder was 99%. 

At 18’ C. the degradation reacrion was found to re- 
quire 48 hours rather than the 6 hours at 60” C. 

EXAMPLE 2 
Some of Stocks I and II, Table 1, were extracted with 

methylene chloride to remove most of the nitroglycer- 
ine. Stock II differed from Stock I in containing nitro- 
cellulose whose extra hydroxyl groups increased the 
effective crosslink density. Varving quantities of Stocks 
I and II before and after extra&on were added as f inch 
cubes to 100 ml. of Solution A, Table 2 and allowed IO 
degrade at 15” C. Amounts of stocks used were 5. 10,20. 
and 30 gms. Samples of 30 gms were also at 60” C. All 
the samples degraded. Time to breakdown is shown in 
Table 3. 

TABLE 3 
Time IO Breakdown rn Amine S~iutton as a Function 

of Sampie Size and Temperature 
slack Concentrarlon. 

gms/lOO mi Time 10 Breakdown 

Solurron A 31 !5’ c a1 60’ c 

Stock 1 5 3 days 
10 4 
20 7 
30 , 16 hrs 

Stock I 
exrracled” 5 3 days 

IO 3 
20 3 
10 4 6 hrs 

Stock II ? 4 days 
,. 10 5 

20 6 
3 20 hrs 

S:ock I! . 
moWi 60 enrracred” 3 J 0a)‘s 

Dcnsily. gmr;ml 9.846 0.956 0 963 1.‘%3 1.005 IO < 

/, 1 7%~ w,Y,,o”\ YD~~PIC ,“,o IWO “haur I” ,hc prcsencc of nlWO&C~nn 
20 6 

;:: i:: :hc :brncr or rncni~ (41. CIC ). H:SO, or H+O, may i11so me cmpioyed 30 c 5 hrs 

t,) Erhanrri and n-propnno, are also c!Tcctwc ‘The amoun, 0, smpic ua, \rr!ea but wsh sampic ua ,n 1 Inch cuhq 
-*ri::a.,%&$ *,:fl mc:h.irnr +,orv3e ,I- rcmo\c rn”~, oithc n,lr”pl~ccTt” 

05 
EXAMPLE I Quantitattve de:ermina:ions of 2-aminoe!hanoi u’ere 

Two pounds (906 gms) of Stock I, Table 1, containing made during the reactions. It was found rhat the 2- 
tetramethyleneterranitramine (HMX). aluminum pow- aminoethanol concentration decreased \\.lth time. The 
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decrease was proportional to the amount of stock origi- 
na!ly present and was much greater for the as-received 
stocks than for the extracted ones. 

It was concluded that the dissolution reaction was 
dependent on the concentration of 2-aminoethanol and 
hence was faster for the extracted stocks since these 
contained less nitroglycerin which reacted with and 
consumed 2-aminoethanol. The reaction was slower 
when the larger amounts of stock were present proba- 
bly because these contained more nitroglycerin. The 
samples containing nitrocelluiose had a higher crosslink 
density and also required a longer time for breakdown. 

TABLE 4-continued 

EXAMPLE 8 

One part by weight of Stock I, Table I, was added to 
three parts by weight of solution B, Table II, a 4.0 N 
solution of HCI in water and acetone. The sample con- 
tainer was equipped with a reflux condenser and placed 
in a water bath at 75’ C. Hydrogen was evolved from 
the reaction of acid with aluminum in the sample so the 
reaction vessel had been swept with nitrogen before 
raising the temperature. The HCI-AI reaction released 
heat and the interior of the lumps of stock was certainly 
at a higher temperature than the solution around it. 
Because of the heat resistance of nitramines, the in- 
creased temperature was not considered a hazard. Dis- 
so!ution was complete in three hours. 

The resulting mixture contained a liquid with pow- 
dered HMX at the bottom. The liquid layer was de- 
canted off and the HMX washed twice with water, once 
with a small proportion of acetone, twice with metha- 
nol, and dried. The solids were identified as HMX in the 
beta crystalline form. An 85% yield of the HMX origi- 
nally present in the stock was obtained. Repetition of 
the work gave yields up to 94%. Photomicroscopy 
showed that the particle size of the recovered HMX 
was essentially the same as when it was originally intro- 
duced into the stock. Since a large part of the cost of a 
filler can be attributed to grinding to a proper particle 
size, this last is an important point and offsets the loss of 
the metallic aluminum powder inherent in an acidic 
process. 

Effect of Water-Miscible Organic Solvents 
on Disinrenration m Acld 

FG H I JK L 

xher. ml. 
Dwthylene glycol dimethyl 1’ 
Ether. ml. 
Methyl ethyl ketone. ml. 15 
Approx. Initial boiiing pt., ij 90 65 100 85 99 75 
‘C. 
No. of liqwd phases. 25’ C. 1 I 1 I I1 I 
lo boiling pt. 
No. of hquid phases. I g. 1 I I I III 
Smck I 
No. of liquid phases. IO g. 22 I 2 2 2 2 
SlOCk I 
Time to disinte_erarion. 3 3 2 1.5 I 6 3 
I g. ax 75’ C.. hn. 
Order of increasmg HMX I 3 2 I 2 
wlubiliry 
Recovery of HMX. o/c. I g. 98 36 85-94 
Stock I 

It is desirable that the solvents swell the stock binder, 
form a single liquid phase with water and any extract 
and decomposition products from the stock, and dis- 
solve a minimum of HMX. Nitroglycerin present in 
Stock I is not miscible with water and two liquid phases 
formed for all the solvents used except acetone when 
one part of Stock I was placed in three volumes of 
HCI-organic solvent mixture. HMX dissolves in ace- 
tone to a greater degree than in the other solvents em- 
ployed but the present of water decreased the solubility 
to such an extent that a high yield of HMX was ob- 
tained. In the absence of nitroglycerin the other sol- 
vents were acceptable. However, from the point of 
view of availability, low HMX solubility, and stock 
breakdown-time methyl ethyl ketone, tetrahydrofuran, 
or ethylene glycol monomethyl ether were the most 
suitable alternatives to acetone. See Table 2, Solutions 
C, D, and E. 

EXAMPLE 4 

The work described in Example 3 was repeated ex- 
cept that the material dissolved was Stock II, Table I. 
The liquid layer was decanted from the mixture and 
discarded. The remaining HMX was washed with a 
sma!l proportion of acetone to remove nitrocellulose 
from the crystals, then washed twice with methanoi and 
dried. 

Mineral acids other than HCI were investigated for 
use in the acid breakdown method. When aluminum 
was present, voluminous deposits of aluminum salts 
formed when economically feasible proportions of 
stock were used which made the method impractical. In 
the absence of metals. H3SOo. and H3P04 are suitable in 
Soiutions B. C, D, and E of Table II. 

EXAMPLE 6 

EXAMPLE 5 

The effect of various bvater miscible organic solvents 
on the acidic breakdown of Stock I. Table I. was inves- 
tigated. See Table IV. 

TABLE 4 
EfTec! of Waler-Mtrcibie Organic Solvenr> 

on D~smteerat~on I” Acid 
FG H i JK L 

UC. 1’3 sir. !!! \Il,CT. ni IO IO 142 ,(I IO IO !!( 
U’ater. mi ! 5 ! 5 5. - < c 
Te!rah!~rolu:~~. m! i! 
Dv2aanr. ml I’ 

n ,4;c:one. %I! ! 5 
Erhyirn? sly‘o: mon<tmc~l!\i il 
ether. ml 
Eth)lenc .i!)CO! Jlmelh~: !5 
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One part by weight of Stock III, Table 1 (a mixed 
acrylate binder with cyclotrimethylenetrinitramine, 
RDX, as a tiller), was added to three parts by weight of 
soiution A. Table 2 (1.0 molar i-aminoethanol in an 
equivolume mixture of toiuene and isopropanol). An- 
other part by weight of Stock III. Table 1, was added to 
three parts by weight of solution B, Table 2 (a 4.0 N 
solution of HCi in water and acetonej. The sample with 
Soiution B was equipped with a reflux condenser. The 
first samnle was heated at 60” C. Disintegration was 
compiere- in one hour. The second was heated at 75” C. 
and required two days ior complete breakdown. The 
liquid was decanted from the first sample and discarded. 
The RDX remaining was washed with three parts of 
toluehe. then with three parts of methanol. and dried. A 
YFG yield of RDX was recovered based on the original 
amount mixed into Stock III. 

b’hiie the presenr processes may be used to recover 
nitramines in erneral. they are preferably used to re- 
co\ -r c c?clotrimethylenetrinitramlne. cyclotetrame- 
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thylenetetranitramine, nitroquanidine, ethylene dinitra- 
mine, 2,4,6-trinitrophenylmethylnitramine, or mixtures 

Y-Y i thereof, and more preferably cyclotrimethylenetrinitra- 
mine or cyclotetramethylenetetranitramine. 5 

Obviously many modifications and variations of this 
invention are possible in light of the above teachings. It 
is, therefore, to be understood that within the scope of 
the appended claims the invention may be practiced 
otherwise than as specifically described. 10 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A process for reclaiming a nitramine in high yield 
from a pyrotechnic material having a chemically cross- 15 
linked binder component selected from the group con- 
sisting of polyurethanes, polyamides, polyesters, and 
polyacrylates, which comprises the steps of: 
(1) placing the pyrotechnic material into a solution 2O 

consisting essentially of from about 2.0 N to about 6.0 
N of an acid selected from the group consisting of 
HCl, H$SOc and H3P04 in an acetone-water solvent 

25 

30 

\ *r, 

mixture, said solvent mixture consisting essentially of 
40 to 60 volume percent acetone and water mixture; 

(2) maintaining the mixture resulting from step (1) at a 
temperature of from about IS’ C. lo about 80’ C. until 
the binder has been broken down: and 

(3) isolating the nitramine. 
2. The process of claim 1 wherein the concentration 

of the acids is from 3.0 N to 5.0 N. 
3. The process of claim 1 wherein the acid is HCl. 
4. The process of claim 1 wherein the nitramine is 

selected from the group consisting of cyclotrimethyl- 
enetrinitramine, cyclotetrarnethylenetetranitramine, 
nitroguanidine, ethylene dinitramine, 2,4,6-trinitro- 
phenylmethylnitramine. and mixtures thereof. 

5. The process of claim 4 wherein the nitramine is 
cyclotrimethylenetrinitramine. 

6. The process of claim 4 wherein the nitramine is 
cyclotetramethylenetetranitramine. 

7. The process of claim 3 wherein the concentration 
of HCI is from 3.0 N to 5.0 N. 

8. The process of claim 3 wherein the temperature 
used in step (2) is from 40’ C. to 80’ C. 
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